.
PCBs were previously used in domestic products such as carpets and upholstery, paint, sealants, coolant, lubricants, pesticides and electronic equipment, which resulted in the extensive distribution of PCBs in the environment 1, 2 . Other sources of these pollutants include the burning of waste in industrial incinerators and leakage from sealants and paint in older buildings 2,4 . Although the manufacture, processing and distribution of PCBs has been prohibited in almost all industrial countries since the 1980s, their entry into the environment still occurs, especially due to improper disposal practices or leaks in electrical equipment and hydraulic systems which may still be in use 2 . They are found in soils, dust, biota and hence food due to their persistence in environmental media 5 . In Australia, PCBs were never manufactured and importation was banned in 1975 (www.npi.gov.au).
PCBs are largely insoluble in water with the main exposure pathways in humans being the ingestion of food and inhalation of dust 2, 6, 7 . Based on the evidence in animal studies PCBs have been classified as probable human carcinogens (2A) with selected congeners considered to cause cancer (Group 1).
(http://monographs.iarc.fr/ENG/Classification/).
Dioxins are formed from activities such as industrial incineration and power generation, and also natural processes such as volcanic activity and forest fires which contribute to the presence of dioxins in the air, soil and sediment 5 .
Pentachlorophenol (PCP) in textiles has also been identified as a source of PCDD/Fs
9
. Products using these textiles and other pesticides reported to contain PCDD/F could therefore contribute these compounds to dust in homes 3, 9 .
The toxicity of a dioxin is determined by the number and configuration of chlorine (Cl) atoms in the compound, with . A toxic equivalence factor (TEF) has been assigned to individual PCB and dioxins congeners based on results from in vitro and in vivo studies 8 .
As with PCBs, the main exposure pathways of humans to dioxins are through the ingestion of food containing these chemicals and the inhalation of contaminated dust particles 2, 10, 11 . Other pathways include dermal contact, inhalation of re-entrained dust and accidental ingestion of soil and dust contaminated with PCBs and dioxins. 12, 13, 14 . In the home, where most people spend over 80% of their time, residents may be exposed to PCB and dioxin concentrations that may increase the potential for adverse health effects which include adverse birth outcomes, neurodevelopmental effects and leukaemia 1, 5, 15 . Pregnant women and children may be more vulnerable to the effects of persistent organic pollutants and so are considered an at-risk group 5 .
This opportunistic study aimed to determine the concentrations of dioxins and dioxin-like PCBs in the residential homes of pregnant women. Demographic and housing characteristics were explored for their contribution to measured concentrations.
Methods
This study was a cross-sectional assessment of residential 
Data Collection
Each participant of the AMETS study completed a questionnaire which included information about their home, furniture and proximity to industry and roads (Supplementary   data Table S1 ). Participants also collected a sample of dust from their vacuum cleaner.
Sample Collection and Preparation
The collection of dust is described in Stasinska et al., 17 and is detection limits achieved for this study are shown in Supplementary data Table S2 .
Statistical Analysis
PCB and dioxin concentrations were highly skewed and the data were log transformed prior to analysis. Statistical analysis was undertaken using SPSS version 21 (IBM). All samples recording less than detectable concentrations were assigned half the detection limit. Only those congeners with .
Results
The dust samples were collected from participants who lived in mainly brick and tile homes in urban areas away from industry (Table 1) . Over 60 percent of homes were older than 10 years with twenty percent older than 50 years (Table 1) .
Many residents had undertaken renovation over the past year (55%). All participants were non-smokers and none reported a family member or visitor smoking inside the home, however 46% of participants reported visitors smoking outside (Table   1 ).
Residential dust samples had Total PCB concentrations ranging from less than the detection limit to 54,600 pg/g. The congener with the highest concentration was PCB118, followed by PCB156 and PCB105 (Table 2) . The influence of household and regional characteristics on dust PCB concentrations was examined. Each individual PCB and total PCBs were used in the analysis of these relationships, with only age of home shown to be important, with increased age of home associated with increased dust PCB concentrations (Figure 1 ).
The regression analysis undertaken revealed that approximate age of home accounted for nearly 18% in the variation in total PCB concentrations (Supplementary data Table S3 ). No other factors were identified that significantly influenced either individual PCB congeners or total PCB concentrations.
The PCB congener profiles were examined and similar patterns were observed across all samples indicating widespread sources across Western Australia (Figure 2 ). The 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 Associations with household and regional characteristics were examined and it was found that age of home was important for Total TCDF, HxCDF and HpCDF (Supplementary data   Table S3 ). Concentrations of PCDD and PCDF tended to be higher in the dust samples collected from the homes of participants who reported residing in proximity to industry, but this relationship was not statistically significant (Supplementary   data Table 3 ). .
The dioxin concentrations for the different congeners were also low with most congeners below the limit of detection.
Concentrations were low compared with most studies where the most abundant isomer OCDD has been reported due to their presence in soils and from atmospheric deposition 28 . The finding of increased dioxin concentrations with age of home was interesting given these substances have traditionally been reported to be associated with emissions from combustion sources. However PCDDs have also been identified as being associated with pesticides which may have degraded over time to produce dioxins which have resulted in increasing concentrations in residential dust over time 3 .
In a ranking of indoor semi-volatile compounds in dust in homes based on literature reported toxicity, Bonvallot et al., 7 , considered PCBs found in household dust a risk factor for infants and children, although the concentrations used in the ranking were those by Harrad et al. 6 which were substantially higher than those reported here.
This study was limited by the small sample size and cross sectional design as well as the lack of repeated measurements.
The use of a 600µm sieve fraction during sample preparation may have underestimated concentrations as smaller size fractions are associated with higher concentrations 29 .
Compared with other studies, the size fraction of dust analysed in this study was larger (600µm) compared with a variety of mesh sizes down to150µm used in other studies 6, 14, 15, 23 .
Concluding Remarks
PCBs and dioxins were found in household dust in homes of non-occupationally exposed pregnant women. The concentrations were low and may have been underestimated due to the larger sieve size used. To enable more definitive comparisons with other studies and to aid in the application of this data to an assessment of risk, the use of standard collection methods, dust size fraction and preparation and analysis should be undertaken.
The concentrations of PCBs and dioxins found in household dust were low in this study compared with concentrations reported in the international literature.
